Background: The differential diagnosis of cystic renal masses still faces great challenges. There has been no systematically assessment to compare the value of contrast-enhanced ultrasound (CEUS) with magnetic resonance imaging (MRI) in the diagnosis of cystic renal masses. Purpose: To perform a meta-analysis to compare the diagnostic efficacy of CEUS with that of MRI for cystic renal masses. Material and Methods: A systematic search was performed for literature evaluating the diagnostic performance of CEUS or MRI in cystic renal masses. Quality assessment of diagnostic studies 2 (QUADAS-2) was used to evaluate the quality of each study included. The pooled sensitivity, specificity, positive likelihood ratio, negative likelihood ratio, and the areas under the summary receiver operating characteristic (AUCs-SROC) curve for CEUS and MRI were calculated, respectively. Results: Seventeen studies with 1142 lesions were included. The pooled sensitivity, specificity, positive likelihood ratio, and negative likelihood ratio for CEUS /MRI were 0.95/0.92, 0.84/0.91, 5.62/6.74, and 0.09/0.13, respectively. The AUCs-SROC curves for the two methods were 95.66% and 94.65%. The subgroup analysis indicated that the scanning slice thickness may influence the diagnostic efficacy of MRI. Conclusion: Both CEUS and MRI have good diagnostic performance for cystic renal masses and can provide the reference for clinicians. CEUS is more sensitive but less specific than MRI.
Introduction
Most renal masses are usually incidentally during an examination using imaging techniques. Cystic renal masses are common and can vary from simple to complex. A great majority of people aged >50 years have renal cysts (1); 6% of those renal masses lacking clinical symptoms have been diagnosed as malignant renal cysts and about 10% of renal cell carcinomas have the presence of complex cystic renal masses (2) . However, it may sometimes be difficult to distinguish benign cystic renal masses from malignant ones, because the benign lesions with bleeding or infection can be easily confused with malignant lesions on radiological features. Some benign renal cysts can remain stable for a long time, but malignant cysts often need timely surgery. Therefore, accurate diagnosis is in urgent need to guide the clinical management.
The Bosniak classification of cystic renal lesions based on computed tomography (CT) was first described in 1986 (3) and it provided a reference to differentiate benign and malignant renal cysts. This classification system graded the cystic renal masses according to the enhancement of the thickened wall, septa, nodules, or other solid components. It has five categories (1, 2, 2F, 3, and 4). The first two categories indicate that the cystic masses are benign. The ''F'' in ''2F'' means follow-up and the lesions of ''2F'' need follow-up to ensure that they are benign; however, the lesions classified into the latter two categories often need resection due to the high malignancy rate. The Bosniak classification system is still valid today and has been widely accepted.
Some complex cystic renal masses may be indeterminate on contrast-enhanced CT (CECT). Many studies demonstrated that the value of magnetic resonance imaging (MRI) and contrast-enhanced ultrasound (CEUS) is superior to that of CECT in the diagnosis of cystic renal masses according to the Bosniak classification system (4). However, just a few retrospective studies on small sample sizes have been done to compare the diagnostic efficiency of MRI with CEUS for renal cysts. Hence, we performed a meta-analysis to compare the value of the two methods and to draw some conclusions from the results.
Material and Methods

Literature search
The Cochrane Library, OVID, PubMed, Embase, CNKI, and WANFANG databases were searched for relevant literature published before May 2017. We used different combinations of the following keywords: ''renal mass'' OR ''renal cyst'' OR ''cystic renal masses'' AND ''magnetic resonance'' OR ''MRI'' OR ''contrast-enhanced ultrasound'' OR ''CEUS.'' The process was completed independently by two researchers. Reference lists of each article identified initially were searched to find additional eligible articles.
Study selection
Inclusion criteria were as follows: (i) the study should relate to the diagnostic efficiency of CEUS or contrastenhanced MRI in distinguishing benign cystic renal masses from malignant ones; (ii) pathological findings or follow-up observation (>1 year) were used as the reference standard for the final diagnosis; (iii) the total number of cases in the study should be no less than 30; (iv) four grid data can be extracted directly from the article or by calculation. Exclusion criteria were: (i) the smaller sample size study published by the same author on the same subject; (ii) case reports, reviews, degree dissertations, abstracts, and letters.
We did not limit the sample to peer-reviewed studies.
Quality assessment and data extraction
Two authors independently assessed the quality of included studies with the QUADAS-2 tool (5), which evaluates the risk of bias for four key domains: patient selection; index test; reference standard; and flow and timing. The first three domains are also assessed for the clinical applicability. Any difference was resolved by consensus.
We retrieved data from all the included articles including the first author's name, publication year, the country where the study was conducted, total number of cases, number of pathological examination, number of follow-up observation, study design, blind, etc. The true positive (TP), true negative (TN), false positive (FP), and false negative (FN) values were also extracted or calculated. We additionally extracted the probe frequency of the ultrasonic and the field strength and scanning slice thickness of magnetic resonance from the studies related to CEUS and MRI, respectively.
Statistical analysis
We used Meta-Disc version 1.4 to undertake this metaanalysis. The pooled sensitivity, specificity, positive likelihood ratio, and negative likelihood ratio were calculated as well as the 95% confidence interval (CI). Summary receiver operating characteristic (SROC) curves were built to graphically present the pooled weighted sensitivity and specificity for the individual studies.
The threshold effect is part of the source of heterogeneity. The threshold effect was evaluated by Spearman correlation coefficients. The Chi-square value and the inconsistency index I 2 were used to estimate the potential heterogeneity between the included studies. If the Chi-square value shows a P < 0.05 or I 2 > 50%, which indicates the existence of significant heterogeneity, a random effects model was used or else a fixed effects model was adopted.
Factors that may cause heterogeneity were evaluated through meta-regression. Such factors included the type of study design (retrospective or prospective), choice of the gold standard, the probe frequency of the ultrasonic, and the field strength and scanning slice thickness of magnetic resonance. Further subgroup analysis was conducted according to the results of the meta-regression and study quality.
Sensitivity analysis was conducted to assess the impact of individual studies on the overall estimate.
To observe the stability of the synthetic results, we excluded each study in sequence and calculated the pooled value of remaining studies repeatedly.
To investigate the publication bias, the Deeks' funnel plot was performed. Stata (version 12.0) was used for the publication bias analysis.
Results
Study selection and description
A total of 1838 relevant studies were identified by the primary search and only 124 of them were potentially relevant on the basis of their title and abstract. We assessed these articles for eligibility by reading them in detail. Finally, 17 eligible studies, with a total of 1142 cystic renal masses, were selected for this metaanalysis. In these 17 studies, two studies were related to both CEUS and MRI (6,7), eight studies were only related to CEUS (8) (9) (10) (11) (12) (13) (14) (15) , and seven studies were related to MRI only (16) (17) (18) (19) (20) (21) (22) . The selection procedure is shown in Fig. 1 . Six studies used a combination of pathological findings and imaging follow-up as reference standards, and 11 studies utilized pathological findings as reference standards. The characteristics of the included studies are demonstrated in Tables 1 and 2 .
Study quality
All included studies were assessed using the QUADAS-2 tool. The included studies met most of the items. In terms of the patient selection domain, there was generally a low risk of bias, as all studies showed consecutive enrollment and there was no improper exclusion. For the index test domain, two studies were at unclear risk of bias as the two articles did not mention whether radiologists were blinded to the reference standard or not (17, 21) . According to the reference standard domain, six studies were at high risk of bias due to using the combination of pathological and follow-up results as the reference standard (6, 7, 9, 12, 15, 16) , and three studies were at unclear risk of bias because of unclear blinding of the index test results (8, 14, 21) . Regarding the flow and timing domain, six studies were at high risk of bias (6, 7, 9, 12, 15, 16) . With regard to applicability, all studies were at low risk. The details of the quality assessment of each study are presented in Table 3 . 
Heterogeneity test
CEUS: There was no threshold effect, as the Spearman correlation coefficient was 0.309 (P ¼ 0.385). The homogeneity test of pooled sensitivity and specificity shows Q ¼ 13.08 (P > 0.05), I 2 ¼ 31.2% and Q ¼ 42.92 (P < 0.05), I
2 ¼ 79.0%, respectively, which showed the data had obvious heterogeneity. Therefore, a random effects model was utilized.
MRI: There was no threshold effect, as the Spearman correlation coefficient was À0.594 (P ¼ 0.092). The homogeneity test of pooled sensitivity and specificity shows Q ¼ 24.50 (P < 0.05), I
2 ¼ 67.3% and Q ¼ 34.98 (P < 0.05), I
2 ¼ 77.1%, respectively, which showed the data had obvious heterogeneity. Thus, a random effects model was utilized.
Pooled analysis of diagnostic accuracy
The pooled sensitivity of CEUS and MRI was 0.95 (95% confidence interval [CI] ¼ 0.92-0.97) and 0.92 (95% CI ¼ 0.88-0.95), respectively. The pooled specificity of CEUS and MRI was 0.84 (95% CI ¼ 0.79-0.88) and 0.91 (95% CI ¼ 0.87-0.93), respectively (Fig. 2) . The pooled positive likelihood ratio of CEUS and MRI was 5.62 (95% CI ¼ 3.19-9.89) and 6.74 (95% CI ¼ 3.80-11.96), respectively. The pooled negative likelihood ratio of CEUS and MRI was 0.09 (95% CI ¼ 0.06-0.14) and 0.13 (95% CI ¼ 0.07-0.23), respectively (Fig. 3) .
The AUC-SROC of the CEUS and MRI were 95.66% (SE ¼ 0.0145) and 94.65% (SE ¼ 0.0217), respectively. The results are displayed in Fig. 4 . We found no significant difference between the two methods (z ¼ 0.39 < 1.96, P ¼ 0.697).
Sensitivity analysis
The synthetic results were stable. For example, in the studies relevant to CEUS, the results of Xu et al. (11) were remarkably different from other studies and it is obvious on the forest plot of the specificity. The pooled specificity was improved slightly after removing this 
Meta-regression and subgroup analysis
The results of meta-regression analysis revealed that the difference of scanning slice thickness of magnetic resonance was the main source of heterogeneity (P ¼ 0.0197). The results of the subgroup analysis are presented in Table 4 . For the group with a scanning slice thickness of 3 mm, the summarized sensitivity was 0.99 (95% CI ¼ 0.95-1.00) with no heterogeneity (I 2 ¼ 0.0%), which was significantly higher than the summarized sensitivity of the group with a scanning slice thickness !5 mm. Similar trends were found for other diagnostic indexes. Additional subgroup analysis was performed to assess the reference standard due to the high risk of bias caused by follow-up cases. The subgroup analysis including exclusively studies using histopathological reference standard decreased the sensitivity and specificity for CEUS (94% vs. 95% and 73% vs. 84%) but increased the sensitivity and specificity for MRI (95% vs. 92% and 93% vs. 91%).
Publication bias
Deeks' funnel plot asymmetry test showed no significant publication bias. There will be a low likelihood of publication bias if the P value for the slope coefficient is not statistically significant (P > 0.05). The P value was 0.825 for the studies relevant to CEUS and 0.931 for the studies relevant to MRI (Fig. 5) .
Discussion
The management of those asymptomatic cystic renal lesions discovered by accident is a recurring problem for clinicians. The Bosniak classification system has provided some reference for the differential diagnosis. The diagnostic accuracy of categories 1, 2, and 4 is higher than categories 2F and 3. The thickness of septa, wall, and the enhancement of solid components rather than the number of septa are significant imaging features which affect the differentiation of categories 2F and 3 masses (23). However, several benign cystic renal masses have the imaging feature of thick septa or wall due to the existence of bleeding or infection; therefore, the difficulty of diagnosis has increased. Although many studies indicated that CEUS or MRI is more effective than CECT when using the Bosinak classification system (4), there is no direct comparison between the value of CEUS and MRI for the differential diagnosis of renal cysts. Therefore, we performed this metaanalysis by collecting relevant literature with different sample sizes and the results revealed that CEUS is equivalent to MRI in the diagnostic value of the cystic renal masses. The pooled sensitivity of CEUS is slightly higher than that of MRI (95% vs. 92%, z ¼ 1.49 < 1.96, P > 0.05) and the pooled specificity of CEUS is statistically lower than that of MRI (84% vs. 91%, z ¼ 2.72 > 1.96, P < 0.05). These findings are in line with the study of Chen et al. (7) . The vascularization of the solid components (wall, septa, nodules) in the cysts may be the key factor to affect diagnosis (24) . The sensitivity of CEUS is relevant to its ability to detect the minor enhancement of small vessels in tumors. Currently, the second-generation ultrasound contrast agents have been widely used. The agents are thin and soft bubbles with high density inert gas. These bubbles are 2-5 mm in diameter and are smaller than red blood cells to ensure access to renal tumor microvessels. Several studies had reported that CEUS can upgrade some cystic masses compared with CT when using the Bosniak classification system (4, (25) (26) (27) (28) , because the bubbles in the microvessels do not always present malignancy; some thin septa in benign cysts can also be enhanced. That is why CEUS has a relatively higher sensitivity and a relatively lower specificity.
Similarly, MRI can also result in the upgrade of renal cysts when using the Bosniak classification system due to excellent detection for the number of enhanced solid components (29, 30) . Andrew et al. (31) performed a retrospective study, and the results revealed that it is easier to upgrade cyst complexity when using the Bosniak classification at the field strength of 3.0-T than 1.5-T. However, the metaregression analysis of our meta-analysis did not get significant results about the influence of the field strength, perhaps due to the insufficient included studies. MRI has superior soft-tissue resolution and a high sensitivity of water even in very small cysts (4) , and the cysts can be extremely obvious on T2-weighted images. MRI also has the capability to detect the bleeding or necrosis in the masses which are sometimes indeterminate on CT. The contrast enhancement of MRI is often detected by subtraction imaging (32) . However, defects in subtraction imaging may be the interference of the addictive noise, which can add the difficulty to observe the true internal enhancement in tumors (33) . Some studies have proved the value of MRI in evaluating an equivocal small renal mass (29) , and new sequences with high-resolution free-breathing three-dimensional fat-suppressed T1 gradient echo can make minor enhancement in small cystic renal masses easier to be detected (34) . Some benign neoplasm such as angiomyolipoma with epithelial cysts (AMLEC), a rare subtype of angiomyolipoma, is very easy to be misdiagnosed as renal cell carcinoma, and the dual gradient-echo imaging may have the capability to detect small amount of fat in AMLEC to avoid the misdiagnosis (35) . All in all, MRI is a promising diagnostic technique for cystic renal masses.
The meta-regression and subgroup analysis had been performed due to the obvious heterogeneity and the results suggested that the study design (retrospective or prospective), choice of gold standard, probe frequency of the ultrasonic, and field strength of MRI may not be the sources of the heterogeneity except for the scanning slice thickness of MRI. All the pooled values of the group with a scanning slice thickness of 3 mm indicated that reducing the scanning slice thickness of MRI may improve the diagnostic accuracy of cystic renal masses, and the diagnostic accuracy could exceed that of CEUS. However, some studies revealed that thin slices can increase the detection of the signal but decrease the signal-to-noise ratio (36) . Therefore, the appropriate MRI slice thickness for the diagnosis of cystic renal masses still needs further exploration.
Both CEUS and MRI have advantages and disadvantages. For MRI, the patient should be able to hold the breath and cooperate with doctors, and patients with renal insufficiency are not suitable for MRI due to the possibility of the contrast agent of MRI influencing renal function (37) . Nonetheless, MRI can detect double kidneys and compare them at the same time; it can also observe the condition of the celiac lymph nodes. For CEUS, obesity, bowel gas, and ribs may affect the detection of the kidneys; however, contrast agents of CEUS consisting of gas can be eliminated by respiration and can be used repeatedly without harm to the kidneys (38) .
The limitations of this meta-analysis are as follows: first, in spite of the combination of computer and manual retrieval, some high-quality studies may still be omitted as we only included studies published in Chinese and English. Second, most of the included studies were retrospective studies which may result in the case selection bias. Third, we included six studies with pathology as well as follow-up as reference standard which result in high risk of bias. Lastly, owing to the insufficient studies in the subgroup analysis, we could not get a certain conclusion that the diagnostic efficiency of MRI with thinning slice is superior to that of CEUS and more randomized controlled trials with large sample size are needed to confirm our results.
In conclusion, our meta-analysis suggests that CEUS is more sensitive but less specific than MRI. Both CEUS and MRI are useful in evaluating indeterminate complex cystic renal masses.
